Abstract Effectors are molecules produced by plant-associated organisms, such as fungal pathogens, that facilitate infection of specific plant hosts. Some effectors directly or indirectly suppress host defence responses while others help to mask the foreign invader from recognition by the plant. Plants can also recognise and respond to specific effectors to mount a resistance response. Thus the study of effectors is important for an understanding of plant-pathogen interactions. Dothistroma septosporum causes Dothistroma needle blight (DNB), a conifer disease of worldwide importance. In this study, effector genes specific to the D. septosporum-Pinus radiata interaction were identified. A bioinformatics pipeline was employed to predict effector candidates on the basis of characteristics such as secretion from the fungus and expression in planta. Using this pipeline, 55 effector candidates for future analysis were identified.
Dothistroma septosporum is a hemibiotrophic fungal foliar pathogen and the main cause of Dothistroma needle blight (DNB). DNB occurs in at least 82 Pinaceae hosts in 63 countries (Barnes et al. 2014 ) and can cause substantial losses in both plantation and native forests. An important recent trend in pathology research involves the identification and functional characterization of effectors, molecules secreted by the pathogen that promote Effector identification in the pine pathogen Dothistroma septosporum (de Wit et al. 2012 ). This suggested they might have a similar function in their pine host. However, a gene expression study suggested that most of these effectors are produced at only low levels by D. septosporum in its host Pinus radiata (Bradshaw et al. 2016) . Thus the aim of this study was to identify effector candidates in D. septosporum that are highly expressed during infection of pine needles, using a pipeline of genome analysis tools similar to those used for other fungi.
MATERIALS AND METHODS
A bioinformatics pipeline (Haddadi et al. 2016) was adapted to identify candidate effector genes from the D. septosporum genome that are highly expressed in planta ( Figure 1 
RESULTS AND DISCUSSION
Of the predicted proteins in the D. septosporum genome, 1487 were predicted to have a signal peptide (Figure 1 , steps 1 and 2). Of these, only 875 were predicted to be secreted (step 3) and 397 showed expression in planta above the arbitrary threshold (step 4) suggesting their potential to function in the D. septosporum-P. radiata interaction. Finally, 33 SSCPs showed significant up-regulation in at least one in planta stage compared with in vitro (step 6), and 22 other secreted proteins with sequence features of effectors such as LysM domains or glycoside hydrolase activity (O'Connell et al. 2012) or very high expression were also identified (step 7). A representative set of eight effector candidates, along with their annotations (predicted functions) and gene expression profiles, are shown in Table 1 . The effector candidates included some with predicted functions linked to virulence. Most highly expressed in planta was Ds72737, peaking at 222-fold up-regulation compared with in vitro and predicted to have a lectin domain. Lectins have high binding affinity for carbohydrates and can bind fungal cell wall chitin to mask the fungus from detection by the plant, as shown for the C. fulvum LysM effector Ecp6 (Bolton et al. 2008) . Another candidate, Ds70155, was a predicted cerato-platanin. Fungal cerato-platanin proteins have been suggested to be virulence factors of pathogens, including the conifer pathogen Heterobasidion annosum, from which the protein caused cell death in both Pinus sylvestris and Nicotiana tabacum (Chen et al. 2015) . Specific up-regulation of Ds70155 in the late stage of pine infection may support a necrotrophic function for this candidate. Several CAZys, including glycoside hydrolase (GH) 13-and 64-type enzymes, were highly expressed and up-regulated in planta (Table 1) . Such GHs could be involved in degradation of plant-derived glucan deposits that hinder fungal entry (O'Connell et al. 2012) , or re-modelling of the fungal cell wall when switching from epi-to endophytic growth (Bradshaw et al. 2016) .
Of the 55 candidate effectors, 40 did not show similarity to any characterised proteins, and thus are of unknown function. These potentially novel proteins, along with the 15 for which a function could be predicted, provide a rich resource for further study.
CONCLUSIONS
Potential effector genes were identified from the D. septosporum genome using a bioinformatics pipeline and gene expression data. To the best of our knowledge, this was the first time this type of 
